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THE DEVELOPMENT, DESIGN AND CONSTRUCTION 
OF GLIDERS AND SAILPLANES* 
By A« Lippisch 



INTRODUCTION 



The Gliding and Soaring Flight movement is as old as 
history. The observation of bird flight must have shown 
the men of former centuries in the same way as our own 
generation, that apart from power flight with wing beats 
there must be another flight possibility, enabling the use 
of the energy in the movement of air masses for flight 
without the expenditure of other power. The experiments 
undertaken in those times on the solution of the flight 
problem have como down to us only through myths and sagas, 
and we cannot differentiate between truth and imagination 
in these stories. 

Experimental research, which can certainly be consid- 
ered as the foundation of modern physics, has also in the 
realm of aerodynamics laid the basis for modern aeronau- 
tics* In this gliding and soaring flight plays the role 
of full-scale experiments, not as an end in itself, but as 
a proving ground and last station before the invention of 
power flight. 

The actual gliding and sailing flying had its begin- 
ning in the sailing flight movement which took place after 
the war and which was a result of the Rhon Sailplane Con- 
tests. 

PART I 



So if I commence my lecture with a few remarks about 
the development of the gliding and sailing flight movement, 
I will begin this outline with the successful sailplane of 
the first Rhon Sailplane Contest. 



*Tho Journal of The Royal Aeronautical Society, July, 1931, 
pp. 532-578. 
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Figure 1 shows the aircraft "Schv/arzer Teufel" (Black 
Devil) of the Aachen Flying Club, designed by W. Kleraperer. 

The underlying idea of the design is on one side low 
structural weight and on the other side the greatest pos- 
sible reduction of the parasite drag. Especially notable 
in this and other designs by Klemperer is the unusually 
carefiilly carried out structure. By this means Klemperer 
was able to attain an empty weight for this machine of 
133 lb. (61 kg.) or a wing loading of 1.86 lb. /sq.ft. 

This type was not copied in the years following due 
to the fact that although the sinking speed was satisfactory, 
the gliding angle was too great. This matter depends to 
a considerable extent on the low-wing construction, 

The sailplane which has to-day almost become a classic 
is the "Varnpyr" (fig. 2) of the Flying Club of the Han- 
nover Engineering School, which was designed by G. Madelung. 

In this design we find for the first time the essen- 
tial lines of thought clearly worked out in the design of 
a sailplane. 

The problem is to build an aircraft with low sinking 
speed, good gliding angle, sufficient strength and good 
maneuverability . 

The soliition is: A cantilever high-wing type with a 
thick highly cambered wing section with large span and as- 
pect ratio. 

In this type a single-spar wing was used for the first 
time in which the torsional forces were taken by the lead- 
ing edge. This was built up as a thin- walled tube, closed 
at the rear by the spar proper. This "torsion-nose" allowed 
at the same time of the possibility of keeping the most 
sensitive part of the v/ing section, the leading edge, the 
exactly correct shape. Plywood is the essential material 
which first made this construction possible. 

Further notable characteristics of the "Vampyr" are: 
The three-part wing of the fuselage completely built of 
plywood and with a landing gear consisting of three foot- 
ball wheels, and the pendulum- type elevator. 
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The complete superiority of the "Vampyr" in the con- 
tests of 1821-1922 shows the correctness of the way that 
was take n. 

It is obvious that the following years would "bring 
a further development of the "Vampyr" idea. 

At this tine a rivalry sprang up to see who could 
get the greatest span and the "best aspect ratio. 

The first who dared to "build with large span, canti- 
lever, and with relatively thin wings, disregarding the 
necessarily appearing deflection d\ie to "bending, was the 
cahi-;.et-maher Espenlauh. (Fig. 3.) 

Even although the aircraft concerned was not suc- 
cessful , it sot the example for the successful designs 
"Strolch" and "Konsul . n 

The "Strolch" (fig. 4) which was designed by A. Martens , 
is a refined development of the "Vampyr" with lower empty 
weight, increased span, and fiirther, lessened parasite dra,g. 
Special care was taken over the rapid and simple assembly, 
an important point when regarding the use in contests. 

As competitor the "Consul" (fig. 5) of the Darmstadt 
Academic Plying Ciuh also appeared in 1J23. This aircraft, 
wiich was designed "by Botch and Spiess, began the series of 
sailplanes which have come from the Darmstadt School. Cer- 
tain differences from the "Vampyr" are unrnistal-rahle . The 
span is considerably increased, the wing-plan approaches 
the elliptic form, the fuselage is round in section, the 
empennage is considerably enlarged, and divided into fin 
and rr.dder. So as to guarantee the aileron effect with the 
great span the- rudder was differentially connected with the 
ailerons. The "Zonsul" may rightly "be considered to be the 
first long-distance sailplane. The flying qiialitios of 
this aircraft were considered excellent by all pilots. The 
aircraft which surpassed the performances of the "Konsul" 
was also a design of a Darmstadt student. This was the 
sailplane "Hoemryke Berge" (fig. 3) which was designed "by 
Sch&t^hy in 1921 for the Uiederrheinischer Yerein fuer 
Luf t f ahr t . 

This sailplane hardly appeared in 1934 and 1325, as 
the Club had no suitable pilot for it. J. Sehring via s the 
first to master this aircraft which was undoubtedly dif- 
ficult to handle, and by his flight to the tills eburg proved 
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the superiority of this sailplane. The beautifully stream- 
lined fuselage had the smallest possible cross section. 
The wing rested on the narrow "base of a centerpiece of the 
fuselage which served at the same time as streamlining he- 
hind the pilot. 1 s head. The wing section was &oet t ingen 436, 
a slightly cambered, thin section, with remarkably small 
drag, and the aspect ratio was suitable for the wing section 

The design of a sailplane from this latter point of 
view will he mere exactly investigated later. 

The center section had a rectangular plan-form and a 
flap along the whole trailing edge, which could he adjusted 
to var;/ the wing section. This mechanism was, however, 
never used and was later removed. Next year ( 1927) the 
Darmstadt Club built the type "Darmstadt I" to talce the 
place of the decrepit "Ilonsul," from which it was developed. 
The Influence of the "Eoemryke Ber^e 11 is as regards the 
position of the pilot, unmistakable. The work of develop- 
ment in this case and also in the types that followed is 
directed more on the lines of the technical details. The 
n Darmstadt I !l is smaller than the ^Konsul 11 and, therefore, 
for contest purj^oscs more useful, and as a res~alt of the 
smaller structural weight no less capahle of good perform- 
ances. 

As the aircraft was sold to the "Jnited States, the 
Club bailt "Darmstadt II" (fig. 7) in 1928. As compared to 
the "Darmstadt I" the wing section and span were different. 

As a variation of the Darmstadt type atfe the "tfest- 
preussen" (fig. 8) designed by Dipl. lag* liofmann and the 
" 7uer 1 1 err.herg" and "Lore" designed by Lauhenthal. Both 
designers were formerly meniDers of the Darmstadt Glut. Ac- 
cordingly, these types have a number of points in common, 
for example: 

T7ing . -Three-par t , single- spar , rectangular (plan) 

center section with tapered elliptical outer section 

Fuselage. -Egg-shaped cress section, with sharp edge 
underneath, cahane compact or nonexistent, fu- 
selage ending in a vortical edgo. 

U^pennage .-Attached to small "built-in fin and tail- 
plane. Otherwise no damping surfaces. 

It is easily understood that this wing plan-form is 
uneconomical to "build after reaching a certain span, as 
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as the spar depth would not "be great enough for the can- 
tilever type. 

To avoid this difficulty iron the beginning, the lec- 
turer designed the type "Professor" (fig. 9) in 1928 as a 
high-performance training aircraft. I consciously depart- 
ed from the usual cantilever construction with conpact 
short fuselage. As the aircraft uas designed to be built 
by the various clubs and for training, the strength and 
stiffness had to be as great as possible. This is easiest 
to achieve by using a braced wing and a long fuselage. 
The inherent vibration period of the wing is very short, 
the elevator is not too sensitive, and damping and lon- 
gitudinal moment of inertia great enough. By bracing the 
wing, a relatively thin wing section could be used (Gott.> 
549) } so that the drag of the struts could be neutralised. 
A simpler construction resulted from making the fuselage 
six-sided. 

As a logical development from the "Professor" came 
the "Wien 11 . (Fig. 10.) 3y means of refined design of 
details the empty weight of the "Professor" was barely ex- 
ceeded. The further development consisted obviously of in- 
creasing the span, using a higher cambered wing section, a 
more rounded fuselage cross section and faired fittings. 

Apart from the l, Frof essor" type, the aircraft built for 
the Munich Club by Dr. Kupper are a departure from the 
Darmstadt types. This Munich type began in 1923 with the 
!, ::?kadu, n (fig. 11) a cantilever type with a large span, 
and has been notable in the following years. The wing- 
form, section and spar design are original. The latter is 
a thin-walled box spar of plywood of almost rectangular 
crocs sect' on. This s t r e s s ed- shin type had only been used 
up to this time in metal aircraft. As only a few exper- 
iments have been carried out over the behavior of such ply- 
wood box spars, and mainly because the buckling strength 
of the thin skin is not exactly known, this design met with 
no approval and is now not even used by Eupper himself. 

Figure 12 shows the three main steps of advancement 
from the "Vampyr" type. The "Prof essor-tfion" type was more 
a res. lit of the experience gained in the development of 
training and practice aircraft, of whieh I shall now give 
a short resume. 

The first training glider was the suspension type 
glider which was used by Pelzner in 1920-1921, (Pig/ 13.) 
It was similar to the Chanute glider. In 1921 the Huern- 
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berger Club developed a small "biplane seat-type glider 
out of the above type, and which "became the first train- 
ins glider. One could hardly say, however, that this 
glider had any remarkably good characteristics. At this 
time the "biplane was favored as better flying character- 
istics were expected from this type. Actually, this glider 
flew like a parachute. A notable step forwards was the 
primary training biplane "Frohe Welt" (Happy World) de- 
signed by P. Stamor. The construction was simple and serv- 
iceable, the flying characteristics very pleasant, and at 
the same time the gliding angle and sinking speed were quite 
suitable for the passing of the glider pilot ! s examination 
of the time(present A Licence). There was much trouble 
caused by damage .to the lower wing due to wing- down land- 
ings, and later it was also found difficult to pass the 
tests for B Licence in this machine. 

For these reasons the monoplane type came into favor 
after this time. The development began with the Munich 
glider of 1921. (Fig, 14.) This machine was, however, not 
designed as a training glider and had a special control 
system. The structure was merely taken over. Then came 
the Schulz glider of 1932, (fig. 15) which was built of 
broomsticks and tin cans, and in which Schulz flew for eight 
hours. On the basis of this forerunner I built the prac- 
tice, sailplane "Djavlar annama" in 1923 (fig. 17) with the 
idea of building the simplest and cheapest sailplane pos- 
sible. If one limits the span one comes, as will be seen 
later, necessarily to this form. This type was continued 
from year to year in the slightly changed editions built 
by Schleicher in Poppenhausen, and has been further in 
great numbers built as a purely beginner's glider. A 
notable example of the type concerned is the "Pegasus" 
(fig. 16) of the Martens Plying school, whose simple struc- 
ture enabled it to be produced very cheaply. From experi- 
ence with the "Pegasus" the "Zoegling" (Beginner) (fig. 18) 
was developed, and as a further continuation of this series, 
the Stamer-Lippisch glider, known in England as the R.F.D. 
"Dagling." 

It now remains to discuss the development of the prac- 
tice sailplanes. The founder of this type was the Larr.i- 
stadt aircraft "Edith" (fig. 19) of 1922, which was a 
braced high-wing type with an almost rectangular wing 
plan-form. From this type the "Bremen" (fig. 20) of the 
"flel tensegler Society was developed. As the next type, I 
designed the "Hangwind" in 1924, from which I developed the 
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"Pruef ling" in 1926. (Pip;. 21.) Whereas in the years "be- 
fore, it had not "been possible ' to train pupils who had nev- 
er been power-pilots as far as the C Licence, the "Prue- 
f ling" made this possible;, which was very vital for the 
further development of the gliding and soaring flight move- 
ment. The "Pruef ling" was improved in 1928 and during the 
last year replaced "by the "Jalke" (Palcon) type. (Jig. 22.) 
In this design I had in View the production of a glider 
which combined the greatest possible safety against crash- 
ing with the best possible flying qualities. The prin- 
ciples underlying this type will he discussed later. 

Besides this development of normal gliders and sail- 
planes the development of several experimental types also 
took place, so that already in 1322, for example, several 
tailless aircraft had been tested. These question:; be- 
long, however, already to that province which is connected 
quite generally with the meaning of gliding and soaring 
flight for the whole of aviation. In this connection 
motorless flight is to "be the natural pioneer and guide 
f 02 the future development of aviation. 



PAST II 



Before I go into the derails that determine the carry- 
ing out cf the design of a glider or sailplane, it is nec- 
to discuss briefly the physical basis of soaring flight. 

There are two possibilities of soaring flight 

1. Static soaring flight, which depends on the 
presence of rising air currents. 

2. Dynamic soaring flight, which depends on the 
presence of air currents varying in direction 
and streng.th. 

Horizontal flight in an upwind takes place when the 
rising speed of the air is equal to the sinking speed of 
the aircraft. Therefore the best aircraft is the one which 
has the least sinking speed. This sinking speed may be 
derived in the following manner. 

We use the symbols 



W = weight (lb. ) 
S = area (sq.ft.) 
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s = senispan ( f t . ) 

V> ■ v x 55 velocities (it. /sec.) 

P= density of air (l"b. sec. s /ft. 4 ) 
kg = resultant air force coefficient 
kj, - lift coefficient 
1:q = drag coefficient 

c = gliding angle 

A - aspect ratio 

A a 4b* f 8. 

As you can see "by the help of the diagram (fig. 23), 
the following conditions must "be fulfilled:- 

TTeight = resultant air force (l) 
Tan wind direction = drag/lift (2) 

or expressed in formulas 

W - v (L 2 J - D 2 ) (1) 
tan e = D/L (2) 

that is 

y ( L 2 + I) 2 ) = J (k L 2 + fcjjS) S p V 2 = ka 3 p V 2 



accordingly the sinking speed is, 

v - 7 (w /s P) k D / Vg 1 ' 5 



when one considers that the lift coefficient approximates 
to the total air force coefficient, and when one assumes 
normal air density and lets S = 4s 2 /A, one obtains 

r 10.3 J (W/s 2 ) hrj/hr 1 ' 5 /"! (in ft. -sec. units) 

The derivation with tf/fi s and A is "better, as one 
can clearly see the direct effect of the span on the sink- 
ing speed. ffe call this function W/ s ® the span loading. 

In the second factor (kjj/fejj 5 )v A the aercdynaaic char- 
acteristics of the aircraft concerned are "brought together, 
and we can calculate this factor for one or several wing 
sections in dependence upon the parasite drag and A. You 
will see that one can calculate "by this means all the nec- 
ess&r; r facts for a project or for checking purposes. It 
must not, however, he assumed as a result of the above 
elementary details that a low sinking speed is the only 



IT. A. O.Ac Technical Memorandum Efo« 537 



9 



measure of the worth ".-of a sailplane. Apart from this the 
gliding angle. and the necessary forward speed at the small- 
est sinking speed is very important. Generally speaking, 
one tries to achieve a good range of attitudes with low 
sinking speed, and at the same time good gliding angles. 
For one thing, the pilot cannot always he flying at the 
minimum sinking speed, and on the other side the continual 
variations in the wind direction and strength are always 
changing the attitude of the aircraft. Thus, for the pur- 
pose of attaining the smallest possible deviations from 
the most suitable attitude, quite a largo number of other 
facts must be considered. T>>e most important ones are: 

Stability, especially longitudinal stability. 
Maneuverability, even in unusual flight attitudes. 
Sufficient flying speed. 

In discussing the aerodynamic ba.sis of sailplane de- 
sign, I will go into these questions in detail. 

Only in the last couple of years in the development of 
soaring flight has it been possible to make use of the 
great atmospheric upwind areas. It is thus only too easy 
to understand that in the times when human soaring flight 
had not yet been achieved, many phenomena in the natural 
soaring flight of birds, due to ignorance of these upwind 
areas, could not be explained as static soaring flight. 
I would like to make reference hero to the extremely inter- 
esting explanation of the theory of soaring flight by your 
countryman, ?. W. Lanchester, in the second part of his 
Aerodynamics, in which he writes a very thorough discussion 
of the matter. For this reason the name of that other type 
of soaring flight, "dynamical soaring flight f " originated" 
from Lanchester. This kind of flight is made possible due 
to the fact that irregularities in the wind without an av- 
erage upward movement are present. I will show you (fig. 
24), by means of a simple example, how this "dynamic soar- 
ing effect" can occur. The bird which flies forward with 
the help of wing beats receives the necessary forward 
thrust through the considerable up and down movements of 
its wings. The horizontal motion implies then, that the 
up and down moving parts of the wings follow a path of wave 
form relative to the air. If one fixes, as a first approxi- 
mation, the path of the chief moving wing parts as a sine 
curve, one can calculate the course and variations of the 
vertical and horizontal air forces which are caused by such 
a motion. As you may see from the diagram, when the forces 
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are integrated over a period of one complete oscillation, 
there is a dofinito forward thrust and lift. 

Lot us now assume the air to "be in such a motion of 
oscillation due to friction with the earth's surface or to 
variously moving air masses. By flying through this air 
in an aircraft with stationary wings the abo ve-ment i oncd 
vibration effect would occur. As both forward thrust and 
lift result, it must be clearly possible to soar in such 
layers without the help of actual upwind. This effect, 
which is caused by the periodically changing vortical speed 
of the wind, is called the "Knoller-Botz effect 11 and played 
a groat role in the first years of soaring flight. 

If, for the polar of a given wing, one substitutes a 
parabolic function of about the form 

kjj - a k L 2 - b k L + k Do 

in which a = S/4s r ' + constant, the increase of the induced 
and profile drags being considered, one finds that the av- 
erage coefficient of the horizontal air forces is 

kx ~ tan cp k^ - k D 

The curve followed by the wing relative to the air is 
expressed as 

Y = m sin X 

while the variation of the lift distribution caused by the 
change in the direction of the air notion along the length 
of a complete oscillation can be expressed as 

]£ T = }£ T + £ k T cos X (m denoting mean value) . 

One could also give the wing a variable angle of attack 
to better the effect. As you see, there is no forward 
thrust if there is no change in lift along an oscillation, 
or if one keeps the angle of attack with respect to the 
air constant. Ths maximum forward thrust occurs for 

A k L ~ m/2a 

and then amounts to 

kv = m 2 /8a - k-n . 
"max ni 
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In further reference to Figure 24: 
X = sin <p L - cos 9 D 
Z = cos 9 L .+ sin <P D 
k: = t g cp k l - z D . 



tg = m co s X. 
K T = Kt + A K T cos X. 
K D = a K L 2 - b K L + K Do . 

This great variation in lift makes it necessary to have the 
wing polar as straight as possible. Of course the above 
considerations are only approximate and disregard accelera- 
tion forces. 

Even though this effect has never yet occurred to any 
traceable degree, wind tunnel tests undertaken "by the 
Vienna Aerodynamic Institute check qualitatively with the 
above considerations. You see here (fig. 25) the test re- 
sults on two wing models which were tested in a periodical- 
ly oscillating wind stream. 

It is obvious that horizontal oscillations of the wind 
could cause similar effects. Consider for a moment a wing 
flexibly mounted on a fuselage. A strengthening of the wind 
would cause an upward movement of the wing, and by means of 
the energy collected in the sprung connection, a forward 
thrust could be exerted in the following lull by means of 
the downward beat of the wing. .The motion of the wing is 
thus caused by the pulsation of the wind, so one can con- 
sider the aircraft as 11 an aircraft driven through wind pul- 
sations by wing beats." This effect which, as far as I 
know, was first discussed by W # Bimbaum (Zeitschrift fur 
Flugtechnik und H 0 t orluf t schif i ahr t , 1924, page 123), re- 
veals a number of matters connected with the performance of 
cantilever sailplanes of large span in very gusty winds. 
The superiority of this type over the stiff-winged braced 
types is very striking. Nevertheless, this effect is very 
small, and is only of secondary importance as compared to 
upwinds. In spite of this it is, in my opinion, not wise 



2tt 



K.x =(AZ L /2) (m-aK L )-K D 



m 



Z Y = ra 2 /8a-K-n 
A max ^m 



AK 7 



J best 



= m/2a 
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to ignore this dynamic soaring flight entirely. So long as 
there exist no incontestable tests carri'od out with suita- 
ble aircraft, it is premature to disregard this kind of 
soaring flight. There is, unfortunately, in this present 
lecture no room for a more detailed- consideration of this 
most interesting question, and I think you can read Lan- 
chester if you wish more details. 



PAET III 



I would now like to consider the aerodynamical and 
statical bases which determine the design of modern gliders 
and sailplanes . 

The glider which is to be used mainly for elementary 
training is not supposed to have a high performance. This 
gives one the opportunity to fit the aircraft to the pur- 
pose of training, and to give first emphasis to safety. 
It is basically wrong to wish to design such aircraft with 
the lowest possible sinking speed or especially good glid- 
ing angle. One doesn't learn to ride on racehorses! 

It is therefore idle to waste many words over the aero- 
dynamic principles underlying the design of elementary 
gliders. 

The choice of a wing section showing a flat curve at 
high lift coefficients is important so that one can pan- 
cake or pull the stick pretty far back in flight (slots are 
certainly suitable here). It is also important to make all 
control areas suitably largo, through which one must try 
to combine stability with effectivo control* Such machines 
as have insufficient control are unsuitable, for the pupil 
must know when he has made a false control movement. But 
I think that last year Mr#' Stamer went into these matters 
with you in great detail. 

In the design of a sailplane, as you have already 
hoard, the sinking speed and then the gliding angle are of 
the foremost importance, and that means that, inside prac- 
tical limits, we must try to get the best combination of 
span, empty weight and cost. Of course one starts by try- 
ing to find the best possible wing section. When one, af- 
ter a long search, has actually found a really wonderful 
wing section, and designed the wing accordingly, one is 
a^ain in doubt as to which aspect ratio one should choose, 
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and whether or not a change of the wing section would "be 
"better in this case, and so on.. 

The more one works himself into the problem, the more 
new problems crop up, so 'that one is finally loft to one 1 s 
discretion* In time such a wandering about is not very- 
satisfying, so that one begins to look for a method which, 
on the basis of test results and theoretical considera- 
tions, would give a general solution 6f the problem. 

We begin with the wing section. As the characteris- 
tics of any one wing section cannot give a general view of 
the problem, in which the probable inaccuracy of single re- 
sults is to be especially noted, we try to make a systemat- 
ic determination of values from a large number of tests. 
We eliminate the induced drag, and then sketch all the pro- 
file drag curves -together. (Fig. 26.) Di agr ammati cally , 
we get somewhat the following picture: You see that we can 
substitute a general polar for all the individual polars. 
The best part of a curve then lies in the neighborhood of 
the point of contact with the general polar. Any further 
calculations wo, make using the general polar. If by means 
of this representation we decide on a certain part of the 
general polar as the most useful in any special case, we 
choose that section which is tangent at this point of the 
general polar. We can now substitute the general polar by 
a suitably chosen function. If, however, we want to achieve 
a fairly satisfactory agreement, we must use a function of 
at least the third order, and then the analytical develop- 
ment is very difficult. Therefore wo use a mixed graphical 
analytical method, We have already shown that the sinking 
speed can to oiprossod as 

V 2 = 10.3 J (W/V) k D /k L 1,5 V 7 A (ft.-scc.) 

And now to determino x% 5 ) </2 generally, we pro- 

ceed as follows: The polar of the complete aircraft is re- 
placed by k:v. - (1/Att) k L 2 + k Dco + fcj) gt 

in which 

k Dgt = 2 k D S'/S, h Dco « f (k L ) 

then 
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By differentiating through we get the desired 

minimum from the following: 



k L 2 /2A7T + (dk Doc /dk L ) k L - 1.5 (k^ + kjv ) * » 0 



So that wo obtain the equation 



and then also 



The expression 



$ = 3 



{ 



can he determined for the individual points of the general 
polar and we can get the aerodynamic sinking speed coeffi- 
cient (kj)/k L 1# 5 ) Jk expressed in A and k;D s « In fur - 

fcher calculations, f or : the sake of simplicity, I will des- 
ignate this expression by <p. Here we see the result of 
such a determination (fig* 27) in which the results of the 
Aeronautical Research Institute in Gbttingen were used as a 
'basis. In the same manner as for cp, one can also fix the 
lift-drag ratio, and also sketch it on the diagram. Al- 
though trie uso of the general polar is in this case not 
quite exact (the actual values of the individual sections 
would he somewhat smaller) it is quito good enough for a 
check calculation. The shape of the curve cp = f (Akj) ) 

shows first that the coefficient cp changes only a little 
whon A has a value greater than ten, and secondly, tho 
minima of Cp lie "botwoen A = 10 and A = 20. Aspect ra- 
tios over 20 are then unfavorable when considering the 
least possible sinking speed. Merely the improvement of the 
gliding angle requires a large aspect ratio. And now to "be 
able to judge tho conditions for some definite design, we 
must either decide on the wing area or the span. Then it 
is still necessary to evaluate tho parasite resistance. 
The existing results in this connection from experiments 
show much smaller values than those actually shown in flight 
tests. When one, for example, knows the sinking speed of a 
sailplane by calculating the same from barographs or test 
flights', and has further measured the gross flying weight 
and the span, then cp is determined as 



<p = 7 z /l0.3j (W/s 2 ) 
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If one sets the values found in the diagram over the 

A concerned, one can determine the value of k-n and also 

^s 

of course, the •so-called "reduced drag area," or £ k-r, S * , 
where k-p is the drag coefficient of the part concerned 
and S f the area of same normal to the wind direction. I 
have placed these points for three well-known high perform- 
ance sailplanes on the diagram, and found as a result that 
the average value for the reduced drag area is 

Z Kj 3* (average) = 4.3 sq.ft. 

Even although these values seem very great, and one 
might assume that the machines concerned were not flown to 
the best advantage, it would be well to use these values 
in working out projects, as most aircraft are considerably 
better on paper than in the air* 

To make use of this diagram further. If, for example, 

we want to build a sailplane with a span of 50 feet, we 

calculate the necessary wing area and aspect ratio for 

various k^ with the help of the above values and 
s 

Z kp S* = 4.6, so that one can place these points on the 
diagram. From this we can clearly see the effect of change 
of wing area or of change of aspect ratio. In this connec- 
tion comes the conclusion that the lift-drag ratio is only 
noticeably affected by lower aspect ratios. Even from 
A = 8 on the change of the lift-drag ratio is very small. 
This result is also notable and shows the disadvantage of 
using too large aspect ratios. 

In our determination of the sinking speed wo havo still 
to estimate the empty weight. For this purpose I have col- 
lected a number of actual weight figures, and have attempt- 
ed to show an analytical connection between this static ma- 
terial (fig. 28). In accordance with a derivation by Dr. 
Lachmann, I have let the wing weight be 

W s =5 m S + s 3 /n. 

3\i_rther, let the fuselage weight be 

fff = k s 

in which, for this approximation, the weight of the empen- 
nage is added to that of the fuselage. The experimental 
results show that these formulas can be safely used. The 
gross flying weight may now be expressed as 
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W total = ra / S + s 3 /n + ks + W 0 

where W Q = weight of pilot and equipment, How the span 
loading is 

W tot /s s - m/A + s/n + k/s + T7 Q /s 2 . 

T^e coefficient concerned may "be expressed as 
0 # 78 [lb. /sq.ft.] . n c -~1000 [ft. /lb.] cantilever 



m 

k -4,4 [lb. /ft.] a-fe ~ 1840 [ft, /lb,] braced 

For our design, which wo shall consider as being can- 
tilever, we obtain the curve of sinking speed plotted as 
a function of the area. , It can also be seen here that in 
no case does an extremely large aspect ratio, i.e., small 
area, give- the ►smallest sinking speed. Although there is 
no exact relationship expressing the effect of the gliding 
angle on the "soaring ability," and the general worth of a 
design, it would seem to be better to use the larger aspect 
ratios. 

If we now go into the design in more detail, we will 
draw a so-called "speed, diagram," using as a basis the now 
chosen wing section and the calculated values of the final 
design. (Fig. 29.) 

One tries to obtain as flat a curve as possible, which 
can be achieved through the choice of a good aspect ratio. 
The moan valv.e of the sinking speed, as influenced by chang- 
ing the air speed, would not vary very much from the best 
value. Such a diagram is of special importance for pilots 
who wish to carry out long-distance flights in the aircraft. 
The parts of the flight during which there is no upwind 
must obviously be so flown that the gliding angle with re- 
spect to the earth is as good as possible. Bocauso of the 
effect cf the wind (head or following) this angle is dif- 
ferent to that relative to the surrounding air. With tho 
use of the speed diagram the flight attitudes concerned 
are easily determined, as one fixes the best attitude by 
lessening the air speed in caso of head -wind or increasing 
it in the case of following wind. One realizes that it is 
correct to fly at higher speed with head wind and at lower 
speed with following wind, rather than fly at tho best 
gliding angle. If there is upwind or even downwind present, 
one must subtract it from, or add it to, the sinking speed 
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as the caso may bo, and then one obtains the best flying 
attitude by consideration of both effects, 

I can unfortunately, not go very deeply into the other 
matters which decide the detail construction of the air- 
craft. First of all, the designer must always realize that 
even the machine which is aerodynami cally best will be in- 
capable of good performances if the flying qualities are 
not also good. If the pilot has not perfect trust in his 
machine and does not know whether she will leave him in the 
lurch in a difficult situation, it would only be possible 
under especially good conditions for him to achieve good 
performances. Eocauso of this it i s my opinion that, if it 
is necessary, it is best to sacrifice a certain amount of 
aerodynamic efficiency to achieve good flying qualities. 

The largo spans of sailplanes are naturally only prac- 
ticable when one uses wings tapered in plan form. The rec- 
tangular plan form has static and dynamic disadvantages, 
which cannot be disregarded even for reasons of cheapness 
of production. This holds true in the same way for the de- 
sign of engined aircraft, and although there are even to- 
day many people with the opposite viewpoint, I can only ad- 
vise them to go to the shipbuilders and tell them that it 
would really be the best thing for them to build all their 
frames the same shape and sisoj The answer that tho ship- 
builders would give, is also my opinion. Generally one 
uses plan forms such as you see sketched in Figure 30 r of 
which (I), for example, is for a braced typo, (II) is can- 
tilever, and (ill) could be cither braced or cantilever. 

One could base ono f s choice on tho induced drag of 
those forms which could be worked out by H. Glauert's meth- 
od. You will, however, find that there is very little dif- 
ference between tho various forms if they do not deviate 
too much from the elliptical lift distribution. The effect 
of tho plan form on the manouver ability is moro important. 
To achieve good control action, ono must make sure that in 
the case of stalling the air flow breaks away first from 
tho innor portions of the wing. Then one still maintains 
lateral stability. T^e shape of tho ailerons should guar- 
antee that there is a reasonably groat chord right to tho 
outer ends. The shapes shown in dotted linos on the dia- 
gram arc thereforo considerably better. Swoptback and 
twisted wings have shown very pleasant flying character- 
istics (IT) ■ Such forms are practically .spinproof . The 
training sailplane "Falke" which I have designed has con- 
firmed the experience made many years ago. The best posi- 
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Hon of the fuselage with respect to the wing cannot yet 
"be laid down definitely, ' (3?ig. 31.) As far as wind fraa* 
nel experiments show, the arrangement (I) is the most suit- 
able. She necessary cut-out in front of the wing makes 
this, arrangement, however, somewhat worse. For this reason 
type (II) has proved to he "better and at present is gener- 
ally used. The disturbance of the lift over the center 
section in soaring flight is very noticeable "because most 
of the flying is done at a high lift coefficient, and the 
polar curves are approximately as shown in the diagram. 
The pure low-wing type has similar disadvantages. While 
the. latter form has of ten-been used successfully in engincd 
aircraft mostly inspired by Junkers, it must not be for- 
gotten that the effect of the slipstream on a wing when 
the propeller axis is above the wing is more favorable, 
and that a saving in weight more than balances out a cor- 
responding increase in drag. 

The static construction of sailplanes is to-day almost 
always of the "Vampyr" type. (Fig* 32 * ) 0<: e spar at the 
thickest part of the wing, about 30 to 35 per cent of the 
chord from the lea-ding edge takes the bending moments. 
The forward part of the wing, built up as a box or tube, 
resists the torsional forces. A lighter secondary spar 
serves as aileron-attachment spar, and to connect the rib 
ends together. SJfte shearing strength of the nose wing 
covering can, however, only be guaranteed when the ribs 
are close enough together to prevent any possibility of 
the covering buckling. Otherwise, folds will appear before 
the breaking stress is reached. my experiments I have 
found that by using plywood attached with grain diagonally 
over leading edge, the creaking strength is twice as great 
as normal and the stiffness four to five times as great. 
A spar built as a thin-walled rectangular box is theoret- 
ically best, and is used generally in metal aircraft at 
present. How to make the thin walls perfectly or suitable- 
stiff with wood construction and also lightly is, however, 
still a matter for discussion. One is therefore forced 
to use more material than is necessary, so that the advan- 
tage of the construction is only very small. There must be 
tests carried out in this direction to make the matter 
clear. A very important matter is the stiffness of the 
wings to resist bending and torsional vibrations. The lat- 
ter can be completely overcome when one places the elastic 
axis of the wing in front of the most forward position of 
the center of pressure. Apart from this one must bo care- 
ful that there is no aileron flutter present. 
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Those latter as wall as other parts of the outer wings 
must "be very lightly built for this reason. Tho bonding 
stiffness of this largo-span cantilever is in the first 
place dependent on the height of tho spar considered in re- 
lation to tho length of the cantilever, and also on the 
load (lift) distribution. Thus in every -respect the ta- 
pered wing is superior to the wing of r ectamgular plan form. 
The same can be said for the torsion-resisting structural 
members. I show you hero a comparison between two wings of 
the same span and area, one with a rectangular and the 
other with a tapered trapezoidal plan for*. Referring to 
Figure 32: 

c i/c 0 3 

y b = (x 2 /s) [ 3 + x ( n _ i)] /[i + x (n - l)]. 
x 

STt*/ [2/(n+l)+x(n-l)/(n+l)] 2 /C2/(n+l)+ 2 x (n-1) / (n+l) ] . 
o 

Assuming the same wing section and angle of attack, figures 
to represent the two flange cross sections and the "torsion 
noses 11 were calculated. You see that in this case by tho 
use of tapered wings one would save 50 per cent in weight 
in the cases of the noso covering and the spar flanges, 
over the rectangular wing. It is further clear that for 
the same loading, the bending and twisting is much greater 
for the rectangular wing than for the other. For large 
spans, the most favorable as far as weight if, concerned, is 
the traced (Professor Wien) type. T^e extra drag of the 
struts is almost neutralized by the use of a thinner wing 
section. This type is only reasonable when torsion and 
bending can bo taken up by the struts, as the torsionally 
stressed parts are at least as heavy as tho parts stressed 
in bonding. We can, of course, not exactly say what is tho 
very best type of wing. ITovor thele s s , calculations which 
take into consideration both tho aerodynamic and statical 
points of view are very informative. All these considera- 
tions are not only applicable to sailplane design. As far 
as design is concerned the construction of sailplanes is 
really a natural experiment plant for all problems connect- 
ed with power aircraft. 

Fuselages of high-class sailplanes are nowadays always 
of round or elliptical cross section, and covered with ply- 
wood. (Fig. 33.) The threo longeron type with a rounded 
edge underneath is simple to construct and fits the shape 
of the sitting man very well. In smaller training aircraft 
the fuselages are four- or six-sided structures. Fuselages 
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of- extremely email cross section permit, of course, only of 
the uso of wheel control, For high-porf ormance sailplanes 
this control is therefore generally used. The control sur- 
faces are designed in the same manner as the wing. In 
high-performance sailplanos the pendulum typo of elevator 
is- generally usod, Tho construction of the fuselago ond 
like that of the "Professor" or "Wien" is usual. In tho 
caso of primary training aircraft the regulations state 
that the horizontal control surfaces must consist of a 
fixed stabilizer and elevator. There have been no acci- 
dents caused "by- the use of the pendulum type elevator. One 
must only choose the gear ratio correctly. 

In Germany the following regulations guide the strength 
calculations for gliders and sailplanes. 

Group : . Wing . 

Loading case I. Stress corresponding to flight 

with most forward position of 
center of pressure. Factor of 
safety, 6 . 



Loading case I I , 

Loading caso III, 

Group : Fuselage . 

Loading caso I , 

Loading case II 

Loading caso III 



Stress corresponding to flight 
with -maximum torsional load. 
Factor of safety, 1. 

Stress corresponding to a land- 
ing (wing weight as load) 5-8 
safety factor. 



Stress due to load on empennage. 
Breaking load of empennage is 
"breaking load of fuselage. 

Stress by landing. The wing 
loads are 5-8 times breaking 
1 o ad . 

Stressing of wing-f usolago con- 
nection by landing on wing. 
Breaking load 110 pounds applied 
at wing tip in direction of 
wing chord. 
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Group: Empennage and Ailorons. 

Elevator and rudder: Breaking load 31 lTj # /sq # £t« 
Ailerons: ■ " 16 " " 

The polar diagram of the wing and of the complete air- 
craft must he used in the strength calculations. 

A proof of the static stability is also necessary. 

You will perhaps he surprised that we have only taken 
two cases of loading into account in the strength calcu- 
lations for the wing. But I do not see what use a point 
between the most forward position of the center of pres- 
sure and diving flight would be. The consideration of 
case (I) proves whether there is enough strength to take 
care of bending and forward thrust. The consideration of 
case (II) proves whether there is enough strength to take 
care of torsion and backward pressure. These cases take 
care of the extreme forces. Years of experience have shown 
that the above strength demands are enough. Apart from 
the above, the same methods and bases may be applied and 
used in sailplane design as are used in power aircraft de- 
sign. The many detail questions, which would doubtless 
be very interesting would, I fear, take us too far from 
our subject. 

By r.ieans of several photographs (figures 34-42) I 
would like to show you constructional details of several 
t yp e s . 

The Importance of M 0 torloss Flight to 
the Development of Aviation 



I would now like to finally consider the meaning of 
motorless flight for power-driven aircraft. 

Last year Mr. Stamer told you about the value of glid- 
ing as flying training. Therefore I do not really need to 
repeat that the pilot who has learned to master a light 
sailplane in wind and clouds, has gathered experience for 
his whole flying career which could never be so clearly 
taught in a power-aircraft flying school. He must have a 
thorough knowledge of weather observation and meteorology 
if he wishes to mako any good performance. Soaring flight 
has brought new knowledge to aer omet eorology , and the new 
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researches on the vertical movement in the atmosphere have 
at least "boon stimulated "by soaring flight. 

The technical significance of sailplane design at the 
present time Is made clear by the foregoing parts of my 
lecture. On this account I would like to consider merely 
one especially fruitful sphere of notorless flight research. 

- Since the end of the war (1914-18) one has "begun- to use 
aircraft for commercial purposes all over the world. This 
air traffic has grown from year to year and to-day covers 
wide districts of various continents. There is air traffic 
everywhere except where its proper field of activity is, 
that is, there is no air traffic between continents where 
rapid communication is really necessary, and where air 
traffic could actually "fly by it self " or pay its way. How, 
I ash you, what is the use of this fastest of all means of 
communication, if it lias no use in its proper field of ac- 
tivity? And what is the sense of this much-advertised 
spaed when it is only procured by a phenomenal waste of 
energy? I cannot help but think that the main problem of 
this means of communication, that is, the economics of it, 
is carelessly handled. 

What would you think of anyone who equipped a farmer 1 s 
Wagon with a 100-hor sepower engine and drove from gasoline 
station to gasoline station at sixty miles an hour? I&e 
most sensible thing to do would be to advise hin to use 
ball bearings to cut down the frictional resistance of his 
vehicle • Perhaps you laugh' at all thic, but you must ad- 
mit that most of our present-day aircraft have not as good 
a frictional coefficient as our original farmer's wagon 
(without ball bearings) . Or perhaps you don f t believe that 
the wagon would roll down a grade of 1:15 by itself? But 
perhaps you can tell -io of an airplane which has a gliding 
angle as good as 1:15? The only aircraft which can compete 
with this honorable rival are a couple of high-performance 
sailplanes which struggle for the first prizes every year 
on the Hhon. The comparison shows you whore we must start 
to develop economical* aircraft . fcfcS energetic reduction of 
the frictional coefficient is a vital necessity in air- 
craft design. One could, of course, make these tests in a 
wind tunnel and that is the usual thing to do at present. 
One soon notices that the wing alone has always a better 
gliding angle than the whole aircraft with fuselage and em- 
pennage # Then it would be clearly the best thing to do, if 
one tried to build an "all-wing aircraft." But why don't 
people build' such aircraft? Quite obviously because one 
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sees no possibility of safely developing the aircraft from 
the wind-tunnel state to full size. There is one perfectly 
safq and proved method and that is called motorless flying. 

This method was actually known since the "beginning of 
aviation, and it has only "been given up to-day "because, on 
the basis of long experimentation and oxporionco, the "be- 
havior of a normally "built aircraft is woll cnon.gh known 
that the controllability and stability of a new typo can bo 
guaranteed before the first flight. But how a quite new 
type of aircraft would behave is beyond our knowledge, and 
even calculated characteristics with the help of wind-tunnel 
tests cannot be guaranteed. The method which we have used 
with good success for some years, I will now explain by 
moans of a shortly sketched example. 

We will now, for example, create an 11 all-wing aircraft, 
and iiavc worked out a suitable projoct (fig, 43) on a. basis 
of various theoretical and design considerations. Before 
wo start designing a man-carrying aircraft, wo build a mod- 
el of such dimensions that we can uso the laws of dynamic 
similarity to advantage. To do this, it is necessary, as 
is woll known, that the Reynolds Numbers that appear in 
flight must exceed the critical region between laminar' and 
turbulent friction, and also that the ratio of tho wing- 
loading between model and full-size aircraft must be to 
scale. T7o test this modol in free flight, notice the ef- 
fects of various control settings, the behavior in flight 
in very gusty winds, and in short, everything that is in- 
cluded in dynamic and static stability. By changing tho 
model we correct any possible deficiencies, and experiment 
until we are satisfied with tho flying properties of tho 
modol. (Model 44,) 

Now we can go a step further and venture into the de- 
sign of a man-carrying glider. This aircraft will be so 
built^. for practical purposes, that after a successful test 
an cngino may be installed. Perhaps you might ask why wo 
don't use a small engine in the first place? Mainly so that 
we can remove all possibilities of danger, as far as we are 
able . 

The first short flight over flat land in the glider is 
a/bsolutely safe, whereas the first flight with a power air- 
craft cannot be so, as an insignificant error can have a 
crash and fire as a result. Even if the glider did crash, 
it would not be dangerous because of the low speed. But 
it is quite a feat to crash from a height of a few inches. 
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By a progressive choice of ground with steeper slopes wo 
gather experience on the "behavior of the new aircraft, 
"i7e study the effect of tho various controls, the effects of 
outside disturbances, and can always fall "back on tho model 
tests in difficult cases. Finally, we are so far that we 
can carry out longer gliding and soaring flights with the 
aircraft. I hardly need to point out that by this means 
one can gather sufficient experience so that trials with 
an engine installation may 'be "begun. If one still has 
doubts a8 to the operation of the propeller drive, one can 
use tests with froc-flying motor-driven models, as an aid 
to the solution. If one hasn't a large landing field at 
one's disposal it is "setter if possible to use the skid 
(instead of wheel landing gear) for the first flights with 
the engine. The final steps are certainly not at all nec- 
essary to mention. 

The successful experiments with tailless aircraft 
which have also boon carried out in this country by Captain 
G-. Kill, are the beginnings of a new development period 
in aviation, I realizo that against the arguments which 
have been put forward, people have an army of doubts in re- 
serve, and most of them wonder whether the longitudinal 
stability (dynamic and static) is sufficient in the tail- 
loss typo, and consider that tho structural weight of swept 
back wings would be greater than that of a corresponding 
normal wing, and that tho maneuverability is not sufficient 
Tho researches which I have carriod out have proved that 
these views arc wrong because the original assumptions 
wore quite different. Unf or tunat oly , because of the lack 
of time, I cannot consider those questions in detail, but 
hope, however, that the discussion will lead in this direc- 
tion « 

I would like to stress once more that motorless flight 
and the researches stimulated by motorless flight are not 
only of use in the province of gliding and soaring flight 
movement. Tho value of this r.ew branch of aviation lies in 
the broadeiiing of our knowledge in scientific, technical, 
and practical flying fields, and those whose vocation is 
concerned with tho succoss of aviation cannot help occupy- 
ing themselves seriously with the gliding and soaring move- 
ment. 

The moaning and purpose of my lecture would be ful- 
filled if I have succeeded in giving now knowledge to those 
who aro already interested in these things and have won 
over, as, future collaborators, those who have been looking 
0£.- 



N.A.C.A. technical Memorandum He. 537 



25 



Discussion 



The Chairman expressed, on belxalf of all present, the 
most sincere fc&anks to Horr Lippi sell for his very inter- 
esting lecture, and said that obviously ho had spo.rod no 
trouble in the preparation of it. 

The Chairman also expressed his extreme interest in the 
wing spoilers which had been referred to, and asked for 
more information concerning them. 

My. E. C. Gordon England (Associate Fellow) (Chairman 
of the British Gliding Association), thanked the Royal 
Aeronautical Society for its unfailing cooperation with the 
association in all matters in which they were jointly in- 
terested, and said it was duo to the Society that the mem- 
bers of both bodies had had the benefit of hearing a lec- 
ture by Herr Lippisch. 

Ho would not discuss at length the technical aspects 
of the problem, because he was interested in propaganda 
and, indeed, had almost given up his life to propaganda on 
behalf of the gliding movement. T^e lecture, he prophesied 
would do much to further the art and science of gliding, 
and in the future would be looked back upon as marking a 
new stage of progress. Ke expressed regret that only a few 
technicians from the aircraft manufacturing firms were 
present at the meeting, and was bold enough to suggest that 
perhaps they imagined they had learned all there was to 
know about their own problems, and were under the mistaken 
impression that gliding had not a great deal to teach them. 
Herr Lippisch had indicated, however, the ways in which 
gliding could greatly increase their knowledge. 

A point with regard to which there was a great deal of 
variance of opinion as between those interested in gliding 
and those engaged in the manufacture of aircraft was that 
of the value of a true and highly finished surface as a 
factor in the efficiency of a soaring machine. He asked if 
Herr Lippisch set a high value upon a highly finished skin 
surface ♦ 

The work of Herr Lippisch and others justified the 
faith of the pionoers of aviation to a very marked extent. 
Mr. Gordon England expressed the opinion that in the course 
of time - and not a very long time - it would be proved 
that the late Joseph Weiss (under whose auspices he himself 
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had been introduced to aviation) had made a very remarka- 
ble contribution to the science of aviation f and one which 
had not yet boon fully appreciated. Like many pioneers, 
Joseph Weiss had lived beforo his time* 

Having regard to the indication by Herr Lippisch of 
the valuo of the swept back wing, ho asked if Kerr Lippisch 
believed in the theory that there was some wave motion in 
the air which called for the use of a swept back wing or a 
wing of distinct plan formation, and that that plan for- 
mation was greatly influenced by the air speed of the ma- 
chine; in other words, at varying speeds a varying plan 
formation was necessary, to say nothing of the cross sec- 
tion of the wing. 

He would like to thank the Rhon-Rossitten Gesellschaft 
for having, with great courtesy, and in the most reasonable 
way from the financial point of view, placed at the dis- 
posal of the British Sliding Association the complete work- 
ing drawings and specifications of the M Falko n machine. 
Ih&se were available to clubs and private constructors 
throughout the country, so that any who wished to test the 
merits of Herr Lippisch 1 s latest intermediate machine had 
only to apply to the Association for tho necessary infor- 
mati on . 

Mr « Lowe ffylflo : Ho felt that, in view of tho expe- 
rience of Herr Lippisch, one could only listen to and thank 
him for having given tho meeting the benefit of his expe- 
rience in a concentrated form Fyankly, ae one who appreci- 
ated the work that was being done in Germany, and as one 
who was very desirous that we in this country should emu- 
late it, he felt somewhat afraid. In view of the work car- 
ried out in Germany during the last ten years, he felt that 
thpy had before them a very great task; it would take ten 
years to get things fitted up and to gather the amount of 
knowledge that their German colleagues had already gath- 
ered. He Joined in the hope that as the result of the 
meeting there would be a full realization in this country 
of the fact that this work in connection with gliding was 
helping in the perfection of motor-driven aircraft, and 
that with the greater interest and support which should be 
forthcoming, we should be able to carry out further inves- 
tigations on behalf of aviation. 

Captain Latimer NeSdham (Fellow): Referring to wing 
loading, he said that for the case in which the center of 
pressure was in the most forward position the factor given 
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in the pap or was 5, "but he believed that many of the Ger- 
man sailplanes were built to factors of 9, 10, and oven 
higher. He ached if Horr Lippisch would discuss that raat- 
tor further. With regard to the ply covering ever the 
loading edge, which was supposed to take the torsion, he 
said that, since it passed over and under the main spar, 
it nnst "be subjected to the maximum bending stress to Which 
the spar was subjected* Therefore, it had to take that 
stress before it could take any stress due to the torsion. 
Ho would appreciate the lecturer 1 s comments on this point. 
With regard to the elevator and rudder, the loading given 
for the limiting velocity nose dive was 31 pounds per square 
foot. That appeared to be unduly high, "but undoubtedly 
Herr Iiippisch would be able to explain the reason for that. 

Furthermore, by fixing the tail load in pounds per 
square foot instead of a load of so many pounds spread over 
the whole tail, designers might be inclined to cut down 
the size of the tailp lanes. 

Cat) tain G- . T . R , g Hill (Follow) . omphasiz ed three im- 
portant points in design which had boon mado in the course 
of the lecture. Tho^ first was that, in the opinion of Herr 
Lippisch, tapered wings were greatly superior to parallel 
wings, xrhen they came to bhe big aspect ratios; secondly, 
that there were great virtues, from the point of view of 
stability, in the sweptback wing; and thirdly, it was clear, 
from ono of the diagrams - which he hoped would be repro- 
duced in the Journal - that the strutted wing was definite- 
ly considerably lighter than the pure cantilever wing. 
Those statements were all supported by a detailed mass of 
evidence, which was very valuable, and in that respect they 
contrasted favorably with the usual sweeping assertions, 
unsupported by evidence. Th^ fact that the lecture includ- 
ed much detailed data made it an extremely valuable contri- 
bution to tho Socioty* s proceedings. 

When visiting Kerr Lippisch a few weeks ago he had 
scon on his table papers, journals and technical informa- 
tion of all sorts and in various languages, and was glad 
to say that copies of The Journal of the Royal Aeronauti- 
cal Society were prominent among them. 



Captain Kill asked if Herr 
enough to elaborato his remarks 
of the wings. Trouble had boon 
ho said, duo to the wings being 



Lippisch would be good 
on the bending stiffness 
experienced in some pianos, 
too flexible in bending, 
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resulting in what he boliovod was ccillocl a "person?! oscil- 
lation 11 - a longitudinal oscillation, as distinct from a 
.lateral oscillation, The pilot was unable to distinguish 
"between tho movement s of the machine duo to bonding of tho 
wings, and those duo to wind gusts, and in trying to correct 
tho motion* ho actually forced an oscillation, which on ono 
occasion had had disastrous results. 



In emphasizing tho concluding paragraphs of tho lec- 
ture, Captain Hill recalled that recently, when travailing 
hone fron Gc:?nany "by air - in an airplane which he would 
refer to as the "A" typo - he had seen through the cabin 
window something dear to tho textbook writer, a rectangu- 
lar flat plate, placed at 90° to the wijad stream. The . . 
plate was about one foot square, and after puzzling for 
some tine over its object, he had realized that it was a 
means of blanketing off the oil cooler in cold weather in 
order to keep the oil from becoming cooled too much. If 
that sort of thing could be done on modern air liners, he 
said, ono felt that tho mossage contained in the conclud- 
ing part of the lecture could, with gve&t ..advantage in cer- 
tain quarters, be very fully digested. 

0 ap tain Ent wj g t 1 e was particularly interested in the 
reference by Horr Lippisch to dynamic soaring flight and 
asked whether, in the full-scale tests which had been car- 
ried out in Germany, any quantitative measurements had 
boon made of the lift obtained in the conditions referred 
to and also what maximum values had been obtained in soar- 
ing flights made in a definite upward current. He agreed 
with Horr Lippisch that tho offocts oxporiencod as a result 
of variations in the strength of a horizontal wind current 
were negligible in comparison with tho large scale effects 
which wero due to large masses of rising air, but he also 
agreed that the former night ultimately prove to be of 
practical value, particularly in relation to glidor design. 
He also asked whether Herr Lippisch could givo any. infor- 
mation in regard to the instruments which had been found 
in Germany to bo most useful from the point of view of the 
measurement of the magnitude of tho upward currents expe- 
rienced in soaring flight. 

Squadron Leader England (Associate Fellow): In most 
of the sailplanes illustrated, he noted that the fixed 
tailplane had been dispensed with, and would like Herr 
Lippisch to state whether the movable tailplane had found 
favor in the sailplane, whereas it was of little use on 
power- driven machine s • 
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He would like to oe enlightened as to why the con- 
trols on the "Zoegling 11 glider, which was definitely in- 
tended for training were, with the exception of the eleva- 
tor, inferior. Surely on a training glider it would appear 
undesirable to havo a powerful elevator without good di- 
rectional and lateral control. 

MTj D agnail: wanted to !:now whether Ecrr Lippisch rec- 
ommended a. dihedral or a flat angle. 

Dr« Lachmann (Associate Fellow): The lecture was a 
compilation of the essentials of sailplane science, and 
those who were concerned with this science in all coun- 
tries would "be very grateful to Herr Lippisch for having 
done that work. Some of the formulas which Herr Lippisch 
had given had been guarded for some time as holy secrets 
by the various gliding corporations. Every aircraft de- 
signer must admire the refinements which had boon achieved 
and must also envy the sailplane designer the possibili- 
ties which the sailplane afforded of the application of 
aerodynamics to such fine limits. It was easy, of course, 
to blame the poor aircraft designer for bad aerodynamics 
in the design of his machines, but there were a good deal 
more practical limitations. Assuming that a highly effi- 
cient sailplane had a span loading of about 10 lb. por 
sq.ft., in order to achieve the same result in the latest 
Handley Pa^o 42- seat er, it would be necossary to have a 
wing span of 3,000 feet. Everyono concerned with practical 
aircraft, design knew that there were specifications which 
did not always allow of the proper application of aerody- 
namic refinements. Dr. Lachmann asked what were the bond- 
ing deflections measured in the air in bumpy weather on 
the high-span sailplanes. 

Commenting upon the influence of sailplane design upon 
motor aircraft, ho said it was not by accident that the 
designer of one of the most efficient G-orman commercial 
airplanes, Messerschmidt , was formerly a designer of sail- 
planes, and he had incorporated in his latest designs all 
the characteristic features of the highly successful sail- 
planes, i.e., large span, tapered wings, and single-spar 
construction. These airplanes were considered to be high- 
ly efficient; he recalled that when Cesser schmidt had com- 
menced to apply his sailplane experience to commercial air- 
craft, many people in Germany had been very doubtful as to 
the outcome of it, but ultimately ho had been successful. 
Sr. Lachmann expressed the belief that monoplanes of large 
span with tapered wings and single spar construction would 
be the future type for commercial purposes. 
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tiX f J « H», Payno : It seemed that in the sailplane 
wings of the mono*- Bp a? construction there were no drag 
forces of any sort. He understood that the main spar bore 
the lift forces and that the tube at tho front tore the 
torque, and he ashed if the main spar also boro the drag 
forces on the wing. 

Mr» Cuss : Speaking as Chairman of the Wiltshire 

Light Aeroplane and Glider Club, and not as a technical 
authority on the design of gliders, he suggested that dan- 
ger might arise through trie partial success of any one type 
of glider having undue influence on other typos. Having 
observed that in 1922 and 1929 the champion gliders of the 
world had como to grief, it head occurred to him that care- 
ful research was necessary with a view to reducing the re- 
sistance to gliding arising from the use of the usual 
types of ailerons, elevators and rudders. So recalled that 
about ton years ago he had had the good fortune to shoot a 
5-cwt^ porbeagle shark off the North Devon coast. The ex- 
quisite streamline speed form of it had made a most last- 
ing impression on his mind. He asked Herr Lippiseh If he 
considered that there were possibilities of reducing re- 
sistances and eddying from ailerons, elevators and rudder 
by using a flexible fuselage, 7/ings and tail, all inflated 
and operated by pneumatic controls, which would take a bump 
without damage, and better than the very delicate plywood. 
He pointed out that the vcrtoora of tho shark (of which ho 
exhibited a model) had no bones in it; it was just carti- 
lcgo and skin. Ho asked if there wore prospects of devel- 
oping a flexible fuselage on similar linos, i.e., having 
a vertebra through the center end an inflated fuselage 
around it. If that wore so he would suggest that it might 
be possible, by pneumatic controls, gradually to curve the 
fuselage in any desired direction, still maintaining the 
stroamlino effect and in that way reducing resistance 
There would also bo a movable snout worked by controls, to 
assist turning* Ho also mentionod tho fact that tho shark 
referred to was covered with a slime, as the result of 
which resistance was reduced, and ho asked what importance 
Hcrr Lippiseh would attach to that fact. By giving the 
least shudder the shark could slip away at speed - and, of 
course, it was dependent upon speed for its existence. 

K r . • ^o\J3S.§-JZ^k^P= d. e rs. (Associate Fellow) asked Herr 
Lippiseh what was the torsional deflection of the spar in, 
say, 25 feet, of the large span sailplanes in flight. If 
a single spar was used, it was fairly obvious that the 
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torsional resistance of the tip of the wing would be less 
than that at the root when in flight >t and he would like to 
know what was the allowable deflection. 

N r « A g h w e 1 1 - 0 o o k e (Co mg a: j. ion) askod for the opinion 
of Herr Lippisch on the use of slots on high efficiency 
sailplane s # Also, speaking as one who was connected with 
the Lgndon Club, which owned no less than three gliders 
of Herr Ljppisch's design, he asked for information con- 
cerning any system that night be in use in Germany to en- 
sure adequate maintenance of cl.ub~oper at ed gliders. 

Mrj T;» 0« Manning (Follow) : Referring to one of the 
diagrams which had "b.een exhibited, he said it appeared 
that throo-ply was shown as "being used for the web of a 
spar # He felt sure that, on a spar of a power plane, three- 
ply would not be used in compression; possibly there was 
something slightly misleading in the drawing. With regard 
to gliding angles, and the suggestion that a farm wagon 
would roll down a gradient of 1:15 by itself, so that it 
had the equivalent of a gliding angle of 1:15, Mr. Manning 
said he believed there had been several aircraft built in 
thi s country having a gliding angle slightly better than 
that. : i e me n tioned the natter in order to show that the 
aircraft designers in this country had not been altogether 
unmindful of the imp or t ance of reducing resistance. As 
well-known examples, he mentioned . some of the gliders used 
for the Schneider Cup contest, in which the reduction of 
head rosi stance had boon carried out quite effectively. 

The high aspect ratios used could not be used in pow- 
cr-vriven aircraft, not only because of the increase of 
weight but also because of the lack of rigidity in the wing 
development , and on those linos must thoroforo be confined 
to gliders, 

5 9. 1 OP el the Master of S euro 111 (Past-President of the 
Royal Aeronautical Society) (Fellow): Those who were in- 
terested in motorless flying had been asking for some time 
past for information which Herr Lippisch ! s paper had now 
supplied. As showing how much the visit of Herr Lippisch 
to this country was appreciated from the scientific point 
of view, he mentioned that the Aeronautical Research Com- 
mittee - the first committee of its kind to have been sot 
up in any country - had invited Herr Lippisch to attend its 
meeting on February 3, and to give it the benefit of his 
advice. Further, Herr Lippisch was to visit Yeovil and had 
kindly consented to address that branch of the Hoyal Aero- 
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nautical Society or. Monday, February 2. Anyone who had to 
grapple with the preparation of a lecture would roalizo 
the cnorLious amount of work involved, but if ono had to 
prepare a locturo in one language , translate it into an- 
other, and convert all the figures of another standard of 
measurement, and prepare special slides, the labor in- 
volved would certainly bo trebled. It would "be impo s Sibl e 
to find suitable words to oxpress our gratitude; they must, 
in -fact confess that they wore ashamed of themselves as 
they realised that they had no one capable of dealing with 
this subject in a foreign language in the very clear way 
that the lecturer has done. Colonel the Master of Sempill 
also mentioned that Kerr Lippisch had teen greatly assist- 
ed in the preparation of the lecture by a student member 
of the Royal Aeronauti cal Society, Mr. 3. S. Shenstonc, 
who was studying at the Wassorkuppc in the Research Sec- 
tion under the direction of Horr Lippisch. He (the Master 
of Sempill) asked Horr Lippisch, on "behalf of the Royal 
Aeronautical Society, the British Gliding Association, and 
all those interested in notorless flying in this country 
to take "back to the Rhon-Rossitton Go sell schaf t , and par- 
ticularly to the President (Professor G-oorgii), the very 
cordial thanks for the considerable help afforded in the 
past and proffered for the future. 

The vote of thanks was accorded with acclamation. 

Air Comsno do re J, A. Chamier (Associate Pellow) ( c o m- 
municatedY: With reference to Herr Lippisch 1 s lecture, 
he would like to ask if he has over tried wings with flex- 
ible trailing edges? 

He states in his lecture that in gusty winds there is 
a marked difference in performance between cantilever sail 
planes, of wMch the wings wore somewhat flexible, as com- 
pared with the stiff-winged braced typo. Pie attributes 
this to the dynamic soaring effect and the beating of the 
air by flexibility in bonding of the wings. 

Is it not possible that the single spar wing has a 
considerably more flexible trailing ed : re than the double 
spar braced wing, and that it is to the superior effi- 
ciency of the flexible trailing edge that the improvement 
may be attributed? 

He also wished to ask whether Horr Lippisch could 
tell them to what extent gliding has confirmed wind tunnel 
results? It is in this check of wind tunnel results, un- 
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hampered by such things as the influence of slipstream of 
propellers, that to his mind the greatest scientific value 
of gliding lies. The lecturer, ho understood, designed 
some of the Gottingen wing sections, so it is almost cer- 
tain that he must have been interested to make comparisons 
between free gliding and the wind tunnel. 

Mr . Scott -Hall (Associate Fellow) (communicated) : 
While at the Wasserkuppe he was singularly impressed by 
the magnitude of the deflections which take place at the 
wing tips of some of those very high aspect ratio sail-- 
planes under gusty conditions. On at least one machine 
the wing tips could bo seen with the naked eye deflecting 
when- the aircraft was flying at close quarters, and in- 
deed, he was informed that this inherent "springing" of the 
structure made the aircraft very comfortable to fly. Hat- 
urally the first thougiits that this sight produced were 
upon the likelihood of dangerous flutter conditions arising. 
Has serious trouble of this kind ever been experienced? 
While on the same subject, he was very interested in the 
flutter "acceptance 11 tost carried out on all aircraft com- 
peting in the annual R.R.G. competitions, in which the wing 
tip is deflected by hand (the aircraft being stationary on 
the ground) and the oscillations per minute counted. He 
understood that if the oscillations were less than 120 per 
minute the aircraft was limited to flying in light winds. 
Is this figure correct? 

Herr Lippisch mentions in his paper the good antispin 
effects of sweepback and twist on wings. What experience 
has ho had with spinning on the ordinary types? It would 
seem very easy to get into a spin on one of these aircraft 
while cloud soaring, and he was ^iven to understand at the 
Wasserkuppe that once these aircraft reach the stall they 
spin suddenly, due to the high lift wing sections commonly 
used* Has any difficulty ever boon experienced in recov- 
ery? 

Heply to Discussion 



lu£ .answer to the Chairman . - The wing spoilers were 
tested on the two-seater of the Dresden Academical Flying 
Club, being inspired by wind tunnel tests made in Holland. 
The Dresden machine had 50 feet span and the wing spoilers 
were each about one foot long. The effect of the spoilers 
was very satisfactory. By their use, the normal (almost 
elliptical) lift distribution is disturbed, and the induced 
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drag at high, angles of attack very much increased. It 
should be noted, however, that the actual lift is affected 
to only a very small degree. 

Mr» Gordon England.- A highly polished wing surface 
is of the utmost importance for tho maximum lift. Even 
a dusty wing is noticeably inferior at low speeds* This 
is not only important in soaring planes, but also in power 
aircraft, especially whon strotching a glide to mal:e a 
forced landing field. Observations of bird flight in na- 
ture uphold Mr. England's views on plan form. In the case 
of the vulture, at low speeds it has a swep t~f orward plan 
form with a lift distribution fuller than elliptical. 
When flying normally, the plan form is practically straight 
and the lift distribution elliptical. In the case of high- 
speed flight, the plan form has sweepback and the lift dis- 
tribution is flatter than elliptical, which is not unfavor- 
able, as the induced drag in the high-speed flight case is 
of no importance, Tho main reason, however, for sweepback 
is for tho sake of increased stability and maneuverability. 

C ap t ai n L at i me r ge e dham . - Although only a factor of 
safety of 6 is demanded in the c.p. forward condition,, it 
usually occurs that in a carefully worked-out design the 
final factor is considerably greater. In the case of 
school gliders, the writer considers that a higher factor 
of safety is necessary, not bocauso of air evolutions, but 
because of ground evolutions. Regarding tho question about 
spar bending and the torsion nose, it must bo romomborod 
that plywood has a lower modulus of elasticity than the 
ziormal wood of the spar underneath. Therefore the plywood 
layer is not so highly stressed in bending as would at 
first be assumed. Of course the torsion- nose can take up a 
certain amount of bending. It should be remembered, how- 
ever, that in the case of maximum bending, the torsion is 
very small, and in the case of maximum torsion the bending 
is almost zero. The high tail loading of 31 lb. per sq.ft, 
is necessary because of the high terminal speed that can be 
reached by high performance sailplanes, because of their 
very low drag. The size of the tailplane is not fixed by 
the load but by the stability calculations, which are also 
demanded by the Technical Commission as one of the air- 
w or thine ss conditions. 

Captain Hill .- The longitudinal oscillations of the 
aircraft caused by the wing oscillations can certainly be- 
come very serious* Thus all wings tthich have a period on 
the ground in still air of less than 120 per minute, are 
given only a "limited" soaring certificate. 
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Captain Entwistle. ~ There have -been no quantitative 
measurements made on dynamic soaring flight at full scale . 
Such measxir ement s are especially difficult, as the struc- 
ture of the air itself is very difficult to determine. As 
far as instruments are concerned, the sailplane is the "best 
instrument for measuring upwinds when equipped with meteor- 
ograph, acceleromet er and variometer, and air-speed indi- 
cator , The sinking speed of the sailplane is determined 
by barograph readings taken on a long glide out of the in- 
fluence of upwinds after the sailplane has boon towed to a 
great height (say, 6,000 to 10,000 feet), Al so o ii o use oi 
v/eighted pilot balloons has been very satisfactory. 

S quad r on Le ad or T , Engl an d , - The movabl e t ailplane s 
are much lighter, and with suitable gearing down are not 
too sensitive. The fixed tailplane is used in powered air- 
craft because the flying requirements demand that the air- 
craft .fly "hands off." Regarding the "Zoegling," due to 
the very low C.G. and low speed, it is very difficult to 
make the ailerons and rudder sensitive. However , . the most 
important control for the n ab initio" student is the eleva- 
tor, and this has been made sensitive, 

Mr m ftagnal 1 «- A flat angle is recommended, 

Dr ♦ L achmanu . - There is considerable difference be- 
tween the performance calculations for sailplanes and pow- 
ered aircraft. A simple consideration leads to the conclu- 
sion that for a sailplane, sinking speed is of most impor- 
tance. Sinking speed depends on 11 span squared loading" = 
W 1/r /2s. For an engined aircraft, the powor required is of 
first importance, i.e., weight times sinking speed, is the 
measure of quality, or powor required is proportional to 
7" L ~ l/cJ /23. As the span affects the weight of the aircraft 
considerably, it is easy to under stand that the "span 
squared loading" of powered aircraft must be higher than 
for sailplanes. 

In spite of this, I am of the opinion that a decrease 
of the span loading in modem aircraft would give better 
performance, which is shown in practice in the Mosser- 
schmidt commercial monoplanes, 

¥iZjL^^.JL^?.^V'-9.^' m Under normal flying conditions, no 
drag is caused by the wing relative to the chord axis, in 
sailing and gliding. The torsion nose takes up the thrusts 
under other conditions. 
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Mr, C . I. Cu B8i ~ Ho considerable docroaso in drag is 
to "be oxpected "by using a flexible fuselage. The control 
surfaces could, however, be improved by flexibility and 
this was also tried during the first years of soaring 
flight. Duo to practical and technical difficulties, the 
further use of flexible control surfaces was given up. In 
my opinion, the same difficulties would occur with attempts 
to use pneumatic flexible fuselage and wings. Even though 
there might be an increase in safety, the pilot would prob- 
ably get heart failure, due to the strenuous exercise ne- 
cessitated by having to pump up every puncture or blow-out, 
or make a forced landing. But joking aside, it may be stat- 
ed that there have already been patent applications for 
wings and fuselages of this type. Although it is admitted 
that the slimy coat certainly lessens the water resistance 
of a body, the most important natter in decreasing air re- 
sistance is to make tho surface as smooth and clean as pos- 
sible. 

Mr. H oward F landers.™ In normal flight the torsional 
deflection of the spars of high performance cantilever 
sailplanes is usually not more than 1 or 2. degrees at^the 
wing tips* Although in engined aircraft a limit of 3~£ de- 
grees is given, there are no limits with sailplanes, for it 
would be impossible to build a wing of reasonable weight 
having an angle of torsional deflection as small as Z-^ de- 
grees in the diving flight condition. On the other hand, 
this deflection is not dangerous and has a stabilizing ef- 
fect if the torsional axis lies forward of the center of 
pressure . 

Mr. Ashwe ll Cooke.- From my point of view, the addi- 
tion of slots to a high-performance sailplane would be of 
little value, for in spite of the most caroful design they 
would probably add a certain amount of parasite drag, and 
increase the inertia of wings which are already rather 
heavy. However, flight tests with slots are to bo carried 
out at our Institute in order to test thorn thoroughly on 
sailplanes. This has been made possible by tho very friend- 
ly cooperation of Handley Page, Limited. In Germany there 
exists the system oi construction inspectors which are li- 
censed by the R.R.G., and almost all clubs have such an in- 
spector among the members. The inspector is responsible 
for all repairs and airworthiness. In the absence of the 
inspector, the manager of flying of the club takes control. 

Mr, M annin g.- I am very glad to hoar that several Eng- 
lish aircraft have gliding angles of over 1:15. The very 
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careful design of the Schneider Trophy nachinos has awak- 
ened the admiration of the world, and the lecturer counts 
himself among the admirers* The Schneider Trophy machines 
give a practical pro.of of the effect of streamlining on 
performance, and this streamlining should "be applied also 
to normal aircraft with equal care. Even to-day there are 
many designers who do not seem to realise that a number of 
details not carefully carried out when added together make 
a very large drag. It must not "be thought that these re- 
marks are meant to "be especially applicable to English air- 
craft, as they are applicable tc the aircraft of all coun- 
tries. The drawing of the box spar of the "Kakadu" shows 
three-ply ^lsed as spar web, as the Munich group were not 
able to make special plywood out of veneer with mostly lon- 
gitudinal grain. This matter of producing a special ply- 
wood wan one of the reasons why this structural method, 
as mentioned in the lecture, was not continued. If such a 
special plywood could lie suitably produced, thin-walled 
spars such as those used by Rohrbach could be successfully 
built of wood. Regarding the matter of the high aspect 
ratios, the answer to Dr. Lachnann may be referred to. 

Air C o mmo d ore Ch am i e r . - Although the lecturer has not 

built wings with flexible trailing edges, he agrees with 
Air Commodore Chamier regarding the value of the flexible 
trailing edge* Regarding the question on flight and. wind- 
tunnel tests, these fulfill quite different purposes. The 
free flight tests of one-third to on&- quarter scale models 
were carried out more as stability tests than for any other 
reason, and no measurements were made. Free flight test- 
ing of stability of some of the rather radical typos con- 
sidered at the Wassorkuppe was of groat importance, as even 
the most carof\il calculations need practical checks. 

Mr • Scott -Hall . - The figure of 120 per minute is cor- 
rect. The springing of the cantilever wings certainly 
aids the machines in soaring, having a wing-beat effect, 
causing a certain amount of dynamic soaring. Of course the 
springing helps to wash out the effect of bumps. In the 
early days there was a certain amount of trouble duo to 
flutter, but this has been successfully overcome by the 
flutter acceptance tost. In the case of ordinary large 
span sailplanes in which the whole wing stalls at approxi- 
mately the same angl o , a steep spiral commences easily and 
often develops into a spin. They come out of the spin nor- 
mally. The only thing to note in practice is not to use 
too much bank at low speeds, as the groat span makes the 
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lift on tho uppor wing increase rapidly, and so the "bank 
increases, developing into the spiral* At such times the 
ailoron control will not bring tho machine out of tho "bank. 
The tondoncy of the machine .oust- be followed, and the ma- 
chine brought out of tho divo in the ordinary manner after 
sufficient speed is gained. 

C olone l r the Master of Sonpill.- I thank the Master of 
Sempill for his extremely kind words which he has expressed 
on behalf of the R.Ae.S. and tho 3.G.A. I will not deny 
that the preparation of the lecture was rathor difficult. 
But these difficulties were very small compared to the 
recognition which raotorloss flight has won by means of the 
lecture. From my point of view, it was to bo taken for 
granted that the lecture must includo everything of impor- 
tance which has been achieved in the last ton years' devel- 
opment, a,nd that the so things bo handed ovor complete with- 
out hesitation. I believe that it is obvious, that among 
friends ono must always be open and helpful, as it is only 
on this basis of mutual of fort and working that anything 
of value may be brought forth* 
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Figs. 1,2, 4 



30 »- 



A /K A 



L j 



Fig.l Schwarzer Teuf el .Erapty weight, 133 Ib.lTing area, 161 sq.ft. 
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"Changed plsaa form, 1922 



Jig. 2 Vainpyr .Empty weight, 287 lb.7. r i:ig area, 172 sq.ft. 
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Fig. 4 Strolch(1923) .Empty weight, 183 lKWiag area, 131 so. ft. 
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Fig. 3 Espenlaub » s glider. 



Fig. 6 Roemryfce-Berge. 



Fig. 8 Westpreussen. 




Fig.14 Munchen(192l) . 




Fig.15 F.Schulz(1922). 






Pig. 17 Djavlar annama(1923) 




Pig.16 An early trainer, the Pegasus (1925) . Fig.18 Zoegling 



Fig. 20 Bremen 



Fig. 21 Pruefling. 
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Figs. 5, 7, 9 
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Fig. 5 Konsul, Darmstadt .Empty weight ,418 Ib.Wiag area, 232 sq.ft. 
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Fig. 7 Darmstadt II. Aspect ratio, 19. 6 .Wing area 182 sq.ft. 
Weight, 253 lb. 
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Fig. 9 Shongeist (Professor) .Aspect ratio, 13. 3 Wing area, 20? sq.ft. 
Weight, 334 lb. 
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Jigs. 10, 11 
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?ig.ll Eafcadu. Aspect ratio 21.VJing area, 190 sq.ft .Weight , 298 l"b. 
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Fig. 12 
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fig*. 18, 19, 22 
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Fig. 13 Pelzner 1920-1921 .Empty weight, 20 lb. and development to 



seat- type glider. 
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Jig. 22 Falke&930) .E.B.G. 




Fig* 34 Dynamic soaring flight as inversion of flapping flight . 
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Fig.2S 
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Fig. 2d The influence of vertical wind oscillation from tests of 
the Aerodynamic Laboratory, Techn.Eochsclmle,Wien. 
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Various sections of 12 r 15 7© thickn 
tested at G-ottin^en. 



jou!:o T tfsl;y sections v/ith various 
cainl>er and constant thickness. 
Tested at Gottingen. 



Fig. 26 Choice of wing section. 
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Graphs for calculating slaking speed 
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Fig. 27 Calculated for a structural drag surface of 4.5 sq.ft. 
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Figs .28,29 
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area.. 
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Kg.se Calculated for cantilever sailplanes with reduced structural drag 
surface of 4.6 sq.ft. 
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Pig. 29 Diagram of velocities. Calculated for a sailplane cf section 

Gottingcn 535.Span,50 ft. Area, 203 sq.ft. Aspect ratio, 12. 
Total weight ,485 lb . (cantilever) .Seduced structural drag surface 
= -x.6 sq.ft. 
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?ig.30 




Fig. 20 Different wing f cms. 
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Pig.?l fflag fuselage connection. 



H.A.C.A. Technical LlernorancLuKi ITo.637 



Fig. 32 
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1.0 k Specific cross section 
j v \of the spar flanges. 
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f the torsion tube. 
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Fig. 32 
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Fig. 33 
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Empennage type Prof essor-T7ien 
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Darmstadt type 




Secondary frame 



Fuselage frame v/orlc of high performance 
sailplanes. 

Pig. 33 



Main frame 
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Pigs. 34,35,36,37,38,39,40 





Pig. 34 Wing construction, 
"Faf nir" . 



Pig. 35 Wing fuselage connection 

and center section with 
fittings/Fafnir". 




Pig. 37 View of 
pilots seats 
and controls, 
"Fafnir". 



Pig. 36 Fuselage frame, 





Pig. 38 Elevator 

hinge 
tube , "Professor" . 





Pig.39 Empennage, "Lu^ikus". 



Pig. 40 Fuselage construction, 
"Priief ling" . 
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Pigs. 41,42.43,44,45,46 




Fig. 41 Uncovered empennage, 

"Priiefling" two- seater . 
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Pig. 42 Wing ribs. 




The ultimate 
Pig. 43 Lippisch's all-wing passenger- 
carrying airplane. 



Pig. 45 The second stage, the full 
size two- seat glider. 




Pig. 46 Lippisch f s tailless glider does its trials at the Wasserkuppe. 



